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String compactifications with D-branes may exhibit regular magnetic monopole solutions, 
whose presence does not rely on broken non-abelian gauge symmetry. These stringy monopoles 
exist on interesting metastable brane configurations, such as anti-D3 branes inside a fiux 
compactification or D5-branes wrapping 2-cycles that are locally stable but globally trivial. 
In brane realizations of SM-like gauge theories, the monopoles carry one unit of magnetic 
hypercharge. Their mass can range from the string scale down to the multi-TeV regime. 
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1. Introduction 



In this note we point out that string compactifications with D-branes naturally contain 
an interesting yet unfamiliar type of magnetic monopole excitations. These monopoles are 
smooth finite energy solutions, and appear in many string models with abelian gauge sym- 
metries associated with D-branes. Their regularity and stability does not depend on the 
presence of broken non-abelian gauge symmetry. The monopoles arise in two rather similar 
situations, both of which involve interesting types of metastable D-branes. 

Both in string theory and in gauge theory, it has become clear that vacua with bro- 
ken supersymmetry are typically metastable against decay via vacuum tunneling [H [21 [3l 
H]. Metastable D-brane configurations are of direct physical interest, as examples of non- 
supersymmetric theories with controllable dynamics [21 [5l [6], or as an accessable corner 
within the non-supersymmetric string landscape [7]. In our set-up, the metastability is 
induced by the geometry of the compact cycle wrapped by the branes. 

Specifically, we will consider D5-branes wrapped on a metastable 2-cycle a within a 
compact Calabi-Yau geometry. The D5-branes are supported either by magnetic flux on the 
brane or by the local CY geometry. Globally within the Calabi-Yau manifold, however, the 
2-cycle a is trivial: there exists a 3-chain F which has the 2-cycle a as its boundary. This 
means that, topologically, the D5-branes can self- annihilate by unwrapping around F. In our 
set-up, we will assume that the 2-cycle a as small compared to the 3-chain F, so that in the 
unwrapping process, the branes must first expand and thereby increase their energy. The 
branes are therefore classically stable, but have a finite lifetime against decay by quantum 
tunneling through the potential barrier. The decay rate can be made exponentially small by 
ensuring that, while unwrapping, the D-branes must traverse a large enough 3-cycle. 

The appearance of regular magnetic monopole excitations is directly linked to the metasta- 
bility of the D5-branes. Namely, consider a D3 and D5-brane that both wrap the same 
metastable 2-cycle. Assuming the D3-brane is classically stable, it represents a Nielsen- 
Olesen flux tube within the D5 world volume. By design, the D3-brane is metastable and 
can unwrap via tunneling. The unwrapping process in interpreted in the gauge theory as 
the breaking of the magnetic flux tube via the formation of a monopole anti-monopole pair. 
The monopole is a D3-brane wrapping the 3-chain F. 

This new class of stringy monopoles are generic in string scenarios with D-branes at 
CY singularities, and are typically associated with massless UiX) gauge factors. In D-brane 
realizations of SM-like gauge theories, the monopoles carry magnetic hypercharge. In highly 
warped scenarios with low (local) string scale, the monopole mass can be less than 100 TeV. 
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2. Metastable D5-branes 



In this section we introduce two examples of geometrically metastable branes: anti-D3- 
branes in a flux compactification, and D5-branes wrapping trivial 2-cycles. 

2.1. Geometric Setting 

Setting I: Anti-D3 in a IIB Flux Compactification 

The first type of situation has a very well-known and familiar example: a single anti-D3 
brane in a IIB fiux compactification, as used in the KKLT construction. For our purpose, 
the relevant property of this set-up is that the anti-D3 brane is located at the intersection 
of two 3-cycles A and B with non-zero 3-form fiuxes 



In a supersymmetric compactification geometry, the RR 3-form field strength F3 and NS 3- 
form field strength H3 combine into a single imaginary anti-self dual field strength G3. The 
presence of the anti-D3 brane breaks the supersymmetry. For an anti-D3 brane localized at 
the tip of a conifold, it was shown in [2] that this situation is classically stable but quantum 
mechanically metastable: the anti-D3 brane can decay via brane-fiux annihilation. 

To visualize the decay process, one needs to think of the anti-D3 brane as a small spherical 
5-brane, supported by one unit of magnetic fiux through the representing the compact 
part of its world- volume: 



The magnetic fiux induces an anti-D3 charge, and protects the 5-brane from self-annihilation. 
Instead it is trapped in a metastable non-supersymmetric state. The 5-brane can decay into 
supersymmetric final state by unwrapping itself, by traversing the A-cycle or the B-cycle. 
The decay is suppressed by a potential barrier, since in the unwrapping process, the 5-brane 
first has to expand. Which of the two options (traversing the A-cycle or B-cycle) is most 
likely, thus depends on the relative size of the two cycles. The decay along the A-cycle has 
been analyzed in detail in [2]. In section 2.3, we will summarize the decay mechanism along 
the B-cycle, which follows via a simple translation of the analysis in p]. Both decay rates 
are assumed to be very slow. 





(1) 




(2) 
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Setting II: D5-brane Wrapping a Trivial Cycle 

Consider a Calabi-Yau threefold Y with a cone-hke singularity. The base X of the 
singularity is 2-d complex submanifold within Y and in general contains several 2-cycles. 
All these 2-cycles are non-trivial within X, but some may be trivial within the threefold Y. 
Such a trivial 2-cycle a is the boundary of a 3-chain F within Y 



The 2-cycle a is located at the tip of the cone and assumed to be very small. The 3- 
chain F, on the other hand, typically extends into the bulk of the CY threefold and can be 
comparatively large. A type II string compactification on Y may thus contain D-branes, that 
wrap a. These D-branes are classically stable, but topologically and quantum mechanically, 
they can self- annihilate by unwrapping around the 3-chain F. Since the 5-brane first has to 
expand in the unwrapping process, the decay rate may be highly suppressed. 

This class of geometrically metastable D5-branes are of special interest for a separate 
reason: unlike D-branes wrapped on non-trivial 2-cycles, they can support a massless U{1) 
vector boson. The 3+1-d world- volume theory of D-branes on a compact CY threefold 
generally features a the C AF coupling to an RR 2- form C. In our case, this 2-form C 
equals the integral of the RR 4-form potential over the 2-cycle wrapped by the D5-brane. If 
this 2-cycle is non-trivial within Y, the 2-form C has a normalizable kinetic energy. Combined 
with the CAF interaction, this produces a mass term for the U{1) vector boson. This is 
the familiar stringy Stiickelberg mechanism. If, on the other hand, the D5-brane wraps a 
trivial 2-cycle a, then 



for every normalizable harmonic 2-form uu on Y. This means that the Stiickelberg field 
is absent, and that the abelian gauge boson on the brane world- volume remains massless. 
(This mechanism was recently used in [9] to obtain a D-brane realization of an SM-like gauge 
theory with only hypercharge as massless abelian gauge generator.) 

The D5-brane may in general wrap p times around the 2-cycle a. In addition, it can 
support some units of magnetic flux 



In brane language, this means that the p D5-branes carry q units of D3-brane charge. We 
will call this D5/D3 bound state a "fractional brane" with charge vector {p,q). If q and p 
are both positive, then the fractional brane is typically supersymmetric. 



dr = a. 



(3) 




(4) 




(5) 
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If p and q are mutuallv prime, the 3+1-d world volume theory of the fractional brane 
has U{1) gauge symmetrylH The gauge coupling is given by the general formula 

4vr 1 ,^ , 

^--|Z„l (6) 

where Zp ^ denotes the central charge of the fractional brane. The central charge is complex 
number that tells us which half of the supercharges is preserved by the CFT boundary state 
of the fractional brane. It is a linear function of the charge vector 

= q + p{h + iv). (7) 

In the large volume regime, where the 2-cycle a is large compared to the string scale, we can 
make the geometric identification 

52, v = I J, (8) 

J a 

where B2 is the NS 2-form, and J denotes the Kahler 2-form on Y . Using the invariance of 
the IIB string theory under integral shifts 

b b — n , q ^ q + np . (9) 

we will define the B- field period b as an angular variable between and 1. 
The 3-chain F may in general support a non-zero NS 3-form flux equal to 

H3 = b + K (10) 

r 

with K some integer. This flux will have important physical consequences in the following. 

For finite Kahler area v of the trivial 2-cycle a, the world volume gauge theory of the 
fractional brane has a non-zero D-term. In case there are other fractional branes at the 
singularity, this D-term turns into an Fl-parameter that dictates non-zero expectation values 
for charged matter fields. This breaks the U{1) gauge symmetry and again renders the 
abelian gauge boson massive. In the following, we will therefore mostly consider the case 
where a has zero volume, w = 0, so that the gauge multiplet stays massless. In this case, 
the regular monopole solutions, that we will exhibit, are unconfined and a smooth source of 
a rotationally symmetric magnetic Coulomb field. 



^The 5+1-d U(p) gauge symmetry of the D5-brane is broken to U{1) by the magnetic flux ([5]). 
For a more detailed summary of the properties of fractional branes at CY singularities, see ^ ^9] 
and, mostly, the references therein. 
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2.2. World-volume Action 



The two settings described above are very similar. In a rather concrete sense, one can 
view Setting I as a special case of Setting 11, in which (i) the 2-cycle a is a 2-sphere, (ii) 
the B- field period vanishes, 6 = 0, and (iii) the fractional brane is just a spherical D5-brane 
with one unit of anti-D3 charge, with charge vector {p,q) = (1,-1). We will now describe 
the world-volume DBl action of the geometrically metastable D5-brane of Setting 11. For 
simplicity, we will set the D5-brane wrapping number equal to p = 1. 

We focus our attention to the space-time M^'^ x F traversed by the D5-brane during the 
unwrapping process along F. We write the metric as 

ds'^ = dx^dx^ + d(f)^ + A{(f))dsl (11) 

Here we ignored any warp factors. The coordinate parametrizes a slicing of 3-chain F. 
The metric ds2 is normalized so that the function A{(f)) represents the physical area of the 
cross section at the location 0. The coordinate range of is finite, from to some maximal 
value 04, . We will denote the cross-section at location by a(0). The initial cross-section 
a{0) is the 2-cycle a; the final cross-section a(0*) is a point. 

Consider a D5-brane at some transverse location 0. This location can fiuctuate and 
thus represents a scalar field on the D5 world-volume. The bosonic D5-brane action reads 

S = jj ^det(G|| +F) dei{G^+T) + J ^6 , (12) 

F = F^y , J^2 = Fg — B2 . (13) 

Here F^^, and are the non-compact and compact components of the field strength of 
the world-volume gauge field, G± denotes the induced metric along the internal S^, and G|| 
encodes the remaining components along the and directions. Evaluating the various 
factors give^ 

S = ^ j {y{<P)\J det{7]^, + F^, + 9^09,0) - 5(0)) (14) 
1^(0) = v/(^(0))^ + (5(0))^ (15) 



where -8(0) is defined via 



T2 = B{(t>) ■ (16) 



^Here we use that, in the super symmetric IIB background, the total 3-form flux G3 = F3 — tH^ 
is imaginary anti-self-dual. 
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Let us give a qualitative description of the functions A{(f)), B{(j)) and V^cj)) that appear 
in this action. The boundary values of these three functions are 

A(0) = V A{(t),) = 

B{Q) = q + h B{(P,)=q-K (17) 

r(0) = ^v^ + (g + 6)2 V{<P,) = \q-K\ 

Here v is the area and b the B-period of the 2-cycle a (see eqn ([8])). Note that 1^(0) = \Zi^q\ 
with Zi.g the central charge ([7]) of the metastable brane configuration. 

The generic profile of the three functions is as given in fig 1. A{(j)) starts at some very 
small value f , grows to a maximal value, then decreases until it reaches at = 0*. 5(0) 
is a monotonic function. The total potential energy of the D5-brane is 

Kot(0) = ^(V(0)-W)). (18) 

Its initial and final values are 

Kot(O) = -^Wv^ + {q + hy -q-h) 

Kot(</'*) = ^{\q-K\-q + K) (19) 

Assuming that q — K > this total potential energy vanishes at = 0*. This indicates 
that the situation after complete unwrapping of the D5-brane is supersymmetric. The 5- 
brane does not completely dissolve at this point, however: its tension remains finite and 
equal to q — K times that of a D3-brane. The final situation indeed contains q — K D3- 
branes, that are all supersymmetric relative to the flux background. In the special case that 
q = K, the unwrapped state has no D3-branes. The BI gauge theory ( |T^ then becomes 
infinitely strongly coupled at = 0*. Indeed all open string degrees of freedom are confined 
at that point, and the D5-brane has dissolved into pure closed strings. 

In the metastable situation, at = 0, the potential energy is generally positive, but 
vanishes in the limit v 0, provided that g > 0. In this limit, the trivial 2-cycle a has 
zero size. In Setting I, we have b = v = 0, and q = —1. The total potential energy of the 
D5-brane at = then equals twice the D3 brane tension. This is the expected result for a 
single anti-D3 brane in an otherwise supersymmetric background [TOl E] . (The factor of two 
arises, since an anti-D3 brane can be thought of as a linear superposition of a supersymmetric 
ghost brane with opposite charge and tension of an D3-brane and a chargeless brane with 
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Figure 1: The typical profile of the area A((f)), effective D3-charge B((l)), tension V {(/)), and 
total potential energy Vtoti4>) of the D5-brane as a function of the transverse location 0. 

twice the D3-tension.) Similarly, foiq — K<0 the potential energy at = 0* equals twice 
the tension oi q — K anti-D3 branes. 

The function -8(0) is the interpolating function that keeps track of the D3-charge carried 
by the wrapped D5-brane. In traversing the 3-chain F, the D5-brane thus acquires a total 
ol K — h units of D3-charge. The total D3-charge is still conserved, however: the change in 
the charge carried by the D5-brane is compensated via a jump by one unit in the RR-flux 
through the 3-cycle dual to F. (Recall that the 3-form flux carries a D3-charge density 
proportional to Fy A H3, so that if the dual F3 flux jumps by one unit, the integrated charge 
changes by an amount equal to the total if^-flux through F.) 

2.3. Vacuum Decay 

A semi-quantitative description of the decay of the metastable D5-brane configuration 
is obtained as follows. In space-time, the decay takes place via nucleation of a bubble of 
supersymmetric vacuum surrounded by a spherical domain wall which expands exponentially 
as a consequence of the pressure produced by the drop in the vacuum energy. To obtain 
the nucleation rate, it is standard practice to look for a corresponding Euclidean solution. 
The relevant solution for us is a D5 brane trajectory 0(-R), where R is the radial coordinate 
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in M^, connecting the wrapped D5-brane at = at large R to an instantonic domain 
wall located near some appropriate radius R = R^,, beyond which the solution reaches the 
supersymmetric minimum = 0*. The action functional for such a trajectory reads 

S = / dRR^V{<P)^/TT{d^ + B{<f))) (20) 

9s Jr, ^ ' 

One can now obtain a semi-classical estimate of the nucleation rate by evaluating the 
action of the (numerically obtained) bounce trajectory. In case the potential barrier is much 
higher than the energy difference between the initial and final configurations, this calculation 
can be simplified via the familiar "thin wall approximation" [H]. In this approximation, the 
action reduces to the sum of two terms, representing the two competing forces on the 5-brane 
domain wall bubble: the tension pulling it inward and the outward pressure caused by the 
lower energy of the supersymmetric vacuum: 

S = 2Ti^RlT - I'K^RtK. (21) 

Here T is the domain wall tension, A the drop in vacuum energy, and R^, denotes the location 
of the wall. At the critical radius 



R, = 3T/A (22) 

the two forces are balanced. Plugging R^, back into the action, gives the leading estimate of 
the nucleation rate 

r^exp(-^fi£J) (23) 

In our problem, the wall tension and energy difference between the two vacua are given by 

T = ^Vb Vb= [%A{(^) (24) 

9s Jo 

A = ^{ViO)-BiO)) = Kot(O) (25) 

iJs 

The quantity Vb equals the 3-volume of the B-cycle. 

The result (1241) for the domain wall tension is obtained as follows. Consider the limit 
where A = 0. The initial and final configurations with = and = 0* are then both 
supersymmetric, and the tunneling rate vanishes. There is however still a BPS domain 
wall that interpolates between the two vacua. Let us find its tension. The domain wall is 
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described by D5-brane following a spatial trajectory (j){z) with z the coordinate transverse 
to the wall. The z-evolutior 
dzP^ = generated by 



to the wall. The z-evolution of (p{z) is governed by the Hamilton equations dz4> = ' 



n = ^( + 5(0)2 - P2) _ . (26) 

The BPS solution has Ti. = 0, which gives P^ = A{(f)). The Hamilton equation then readjfl 

The result ( 12^ follows by evaluating the action of this BPS solution. The BPS formula is 
appropriate for use in eqn (123|) , since in the thin wall approximation one assumes that the 
decay takes place between two nearly degenerate vacua. 



3. Stringy Monopoles 

Consider the bound state of a D5-brane and a D3-brane wrapping a trivial 2-cycle a inside 
a compact Calabi-Yau. Assume the 2-cycle has a small but finite area. This configuration 
represents a Nielsen- Olesen flux tube within the U{1) gauge theory on the D5-brane world- 
volume. The tension of the magnetic flux tube is proportional to the U{1) symmetry breaking 
scale, which in the gauge theory /geometry dictionary is set by the area of the 2-cycle. It is 
natural to ask whether the flux tube is stable or can break via the formation of a monopole 
anti-monopole pair. 

In light of the above discussion of the brane decay, the answer is obvious: the magnetic 
flux tube can break because the D3-brane can unwrap itself by traversing the 3-chain P. 
The monopole at the end flux tube is thus identified as a D3-brane that wraps P. This 
interpretation nicely matches with standard identification for end-points of D(p— 2)-branes 
on Dp-branes. In most studies so far, however, the D(p— 2)-brane would either be an semi- 
infinite Bl-on of infinite mass [13], or would end on an other Dp-brane and thus represent a 
regular non-abelian monopole of finite mass, proportional to the distance between the two 



Dp-branes [M]. Our situation is different, and novel: the open D3-brane, that makes up the 
monopole, extends over a finite range, yet does not end on any other brane |^ 



^Note that for q > K, the function B{(j)) remains positive throughout the interval from to (p^^. 
This is not the case for the non-supersymmetric situation q < K. 

^Monopoles arising from D3-branes wrapping 3-chains were first considered in [12], in a situation 
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3.1. Monopole Configuration 

Our monopoles are confined via a magnetic flux tube as long as the 2-cycle a has flnite 
size. When the 2-cycle has zero size, the abelian gauge bosons on the D5-brane become 
massless and the monopoles are liberated. The D3-brane charge then gets dissolved into 
the flux lines of the magnetic Coulomb field on the D5-brane world-volume. The resulting 
D-brane configuration is described as follows. 

Consider a D5-brane world volume, obtained by gluing together the following two parts. 
The first part is a D5-brane that wraps the 2-cycle a and fills minus a three-ball -B3. The 
world volume of this part of the D5-brane (we ignore the time direction) is 

Si = (R^ - B3) X a (28) 

The three-ball B3 has as boundary a 2-sphere S^. The second part of the D5-brane world- 
volume wraps this and the 3-chain F: 

S2 = X r . (29) 

Using eqn ([3]) and 9B3 = S^, we see that the two halves Si and S2 have as common boundary 

(9S2 = X a = -9Si . (30) 

The two halves can thus be glued together into a single, smooth D5-brane world-volume. 

When left on its own, this D5-brane configuration would be unstable against collapse of 
the to a point. However, we can now introduce a quantized magnetic fiux 

\ F = Q (31) 

through the 2-sphere. The energy contained in this magnetic fiux stabilizes the brane, by 
forcing the 2-sphere to remain at some finite size. Its radius r depends on the transverse 
location of the D5-brane along F. In other words, the D5-brane solution is specified by 
its location as a function of radial coordinate r. The precise form of the trajectory 0(r) is 
determined by minimizing the energy functional 

M = j Jdr (vi(P) y/(l67r2r4 + Q^) (l + (9,0)2) - A7ir'^B{(j))^ . (32) 

without space-time filling world-branes. The abelian gauge theory then arises from the RR 4-form 
field C^. The monopoles are necessarily confined since the wrapped D3-branes can not end, but 
must be connected by a D3-brane wrapping the trivial 2-cycle a. 
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Figure 2: The D5-brane configuration that describes the smooth monopole solution. The 
D5 world brane wraps the trivial 2-cycle a, but near the origin unwraps via the 3-chain F. 

The total brane configuration is depicted in fig 2. Evidently, it represents a smooth, spheri- 
cally symmetric finite energy excitation with the physical properties of an abelian magnetic 
monopole of charge Q. Note that there is symmetry between monopoles and anti-monopoles. 

The D5-brane has the shape of a finite section of the Bion funnel. In the S2 region it looks 
like a puffed up D3-brane wrapping the 3-chain F. We thus expect the mass of the monopole 
to be given by the volume of F, in units of the D3-tension, plus some self-energy correction: 



One can derive upper bounds for -Egeif, by evaluating (1521) for the Bion trajectory (p = \Q\/4:nr 
and other simple trajectories. There is no obvious exact formula: the monopole is a non-BPS 
solution. 

This all looks quite consistent, but there is one subtlety that we have ignored so far: as 
with the D5-brane decay, the presence of H3 flux ( JTOl) through the 3-chain F will lead to a 
non-trivial induced Dl-charge on the D3-brane world-volume. So to ensure that the above 
D5 brane solution really rounds off smoothly at the tip = 0*, we need to require that it 




+ E, 



'self 



(33) 
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supports no T2 flux through This amounts to setting (see eqns (fT6l) - (fT71) ) 

5(</.,) =g-ir = 0. (34) 

In other words, the monopoles exist as smooth flnite energy solutions on metastable D5- 
branes with K units of D3-charge. 



3.2. Hypercharge Monopoles 

The new monopole excitation also makes its appearance in open string realizations of 
Standard Model gauge theories, via D-branes at CY singularities. In this context, the 
physical role of the metastable D5-brane is slightly more subtle, since it in fact does not 
represent one of the fractional branes, but rather a linear combination of fractional branes. 
Let us briefly explain this basic point in the general context of D-branes at singularities. 

A basis of fractional branes associated with a CY singularity spans the complete homology 
of its base X. Let us assume that X forms a 4-cycle within F, and supports several 2-cycles 
Oa- a fractional brane is then characterized by a charge vector 

ch(Ffc) = (rfc, p^, gfc) . (35) 

Here denotes the D7 wrapping number, is the D5 wrapping number around the 2-cycle 
Oa, and gfc counts the D3 charge. A fractional brane breaks half of the supersymmetries. 
Which half is preserved is determined by the central charge § 

Z(Ffc) = gfc + Pfc*/3A-|rfc/3*/?A, (36) 
(5 + zJ). (37) 

J OA 

A brane conflguration assigns a multiplicity Uk to each fractional brane F^. For a supersym- 
metric arrangement, the central charges of the fractional branes (times rik) all align. 

The U{1) gauge symmetry associated with a fractional brane typically gets lifted via 
coupling to RR-forms. A U{1) factor only remains massless if it is associated with a trivial 
2-cycle with zero sizej^ In D-brane realizations of SM-like gauge theories, this observation is 
of direct use in selecting hypercharge as the only massless U{1) gauge symmetry. Inevitably, 



^This expression for is valid in the large volume limit only. 

^Otherwise it would be associated with a non-zero Fl-parameter, that via the D-term equations 
would dictate symmetry breaking expectations values for charged matter. 
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however, the hypercharge generator will be a linear combination of the U{1) generators. In 
other words, hypercharge is associated with a linear combination of branes 

Fy = ^ mfc Ffc , (38) 

k 

with rrik some set of (small) integers. The quantum numbers of Fy are those of a D5-brane 
wrapping a trivial 2-cycle within X, with zero size, and it may carry arbitrary D3 chargeQ 
A specific construction of an SM-like theory along these lines, complete with an explicit 
description of its CY embedding, has recently been presented in [9]. 

As we have seen, brane configurations of this type are typically metastable. In the present 
case, however, the decay must proceed via a collective tunneling process, in which the exact 
linear combination fl5Sl) of fractional branes associated with hypercharge first forms a single 
D5-brane wrapping the trivial cycle, which then unwraps itself along some 3-chain within 
the CY. Evidently, the decay probability needs to be small to be consistent with observation. 

For the specific construction of [SI [H], the SM was obtained via a collection of fractional 
branes with the quantum numbers of a single D3-brane. The total configuration was argued 
to be supersymmetric, provided the local CY geometry can be appropriately adjusted]^ After 
the hypercharge brane (l38l) has unwrapped, the left-over brane configuration is specified by 
the same basis of fractional branes, but with new multiplicities ra'^ = — m^. For the model 
of [9] and with minimal i^s-flux {K = in ( fTOl) ). it turns out that these new multiplicities 

are either or have the same sign as the Uk- Thus, assuming that the initial collection is 
supersymmetric, we may conclude that the final brane configuration is also supersymmetric. 
We thus expect that, for this specific model, the decay probability is highly suppressed. 

Another interesting feature of this scenario is the appearance of the stringy monopole 
solutions described in section 3.1. These monopoles carry one unit of magnetic hypercharge, 
and their mass is typically of order the string scale. Evidently, the origin of this new type 
of monopole is unrelated to the embedding of the SM gauge group inside a Grand Unified 
gauge group. It is interesting to speculate, therefore, how small the monopole mass can be 

^The U{1) gauge symmetry associated with the D3-brane decouples. In the model of [9], which 
is based on a single D3, adding one unit of D3 charge amounts to a shifting each m^, in (j38p by n^. 

^This argument may need some further study, however. A possible point of worry is that a 
trivial 2-cycle with finite area can not be supersymmetric. Note, however, the 'hypercharge brane' 
Fy that wraps the trivial cycle is just a virtual linear combination (jSSp of the real (supersymmetric) 
fractional branes. Moreover, we assume that the trivial 2-cycle has zero area, which may potentially 
restore its super symmetry. In general, however, we expect that the presence of a trivial 2-cycle 
introduces an interesting, perhaps subtle or possibly less subtle, source of supersymmetry breaking 
that deserves some further exploration. 
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in some suitable warped scenario, where the CY singularity that supports the SM brane and 
the 3-chain F are both located near the IR region of a KS like geometry. The string scale 
at the bottom of the warped region can presumably be made as low as several TeV. The 
volume of the 3-chain F needs to be just a couple of times the unit volume in these string 
units, which is sufficient to ensure that the D5-brane decay rate ( I23ll is highly suppressed. 
A rough estimate of the lowest possible monopole mass in this - admittedly speculative - 
class of scenarios is then of order 100 TeV or even a bit lessj^ 

For the purpose of self-education only, we end this section by writing the known Ansatz 
|15j for a hypercharge monopole solution (with point source) after electro-weak symmetry 
breaking 

^^Kr), ^^(^•l-i;^?). (3^) 

B, = 1(1 - cose)d,^ A, = ^(/(r) -l)rxd,r. 

Here p(0) = and approaches the constant Higgs vev at large r, and /(O) = 1 and goes to 
zero for large r. Note that for this Ansatz = .^^A^^ = f ■ A^ = 0. Moreover, the whole 
SU{2) part of the gauge field is smooth; the only singularity of the solution is the point-like 
source of magnetic hypercharge at the origin. In the unitary gauge, on the other hand, we 
have 

e=(j), Al = ^{1- cos e)d,y,. (40) 

We see that the electro-weak symmetry breaking transmutes the magnetic hypercharge of 
the monopole into a pure EM magnetic charge. The A'^^ part of the magnetic point source 
is neutralized via the presence of a cloud of VT-bosons 

K = ^e^'^ismed.if ± td,e)f{r) . (41) 

Our brane configuration of section 3.1 nicely regulates the point source of magnetic hyper- 
charge, and thereby renders the above solution into a regular monopole of finite mass. 



^The existence of such light monopoles will pose no problems for cosmology, provided they are 
not produced during inflation and the reheating temperature is low enough. 
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4. Conclusion 

We have studied some physical aspects of two related types of metastable brane arrange- 
ments: anti-D3-branes on a Calabi-Yau compactification with flux, and D5-branes wrapping 
topologically trivial 2-cycles. We have found that both types of branes host regular, fi- 
nite energy monopole excitations. Inside the core of the monopoles, the world-brane locally 
unwraps by traversing a 3-chain F inside the compact CY. The metastable branes have a 
finite lifetime against completely unwrapping along F. Given the topological correspondence 
between the two, it is natural to think of the brane decay process as a condensation of 
monopoles. This interpretation is further supported by the fact that electric charges on the 
metastable branes, the end-points of fundamental open strings, become manifestly confined 
after the brane has unwrapped itself. 

Note Added 

Geometrically metastable configurations were recently also studied in [16] in the form of 
D5 and anti D5-branes wrapping homologous 2-spheres. The large N dual was conjectured 
to be described by a smooth CY manifold, with the branes on the 2-spheres replaced by 
3-spheres with flux [iTj. The models of [16] exhibit similar monopole configurations as 
studied here. Before any geometric transition, they are wrapped D3-branes that connect 
the metastable D5-branes. After one of the two geometric transitions, they look like the 
configuration of section 2.1, with the tip of the 3-chain located at the formed by the 
transition. After both transitions, the monopoles become D3-branes that wrap a closed 3- 
cycle. It is natural to further study the physics of our monopole configurations with the help 
of the holographic dictionary of D-branes that undergo geometric transitions. 
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